The two-wave mixing in the broad-area semiconductor amplifier was investigated, both theoretically and experimentally. The experimental results obtained in an 810 nm, 200 μm wide GaAlAs amplifier show good agreement with the theory.
Introduction
Nonlinear four-wave mixing in narrow-stripe and broad-area semiconductor lasers is of interest as a method to obtain high phase conjugate reflectivity [1, 2] . The nonlinear wave mixing can also be used to measure carrier dynamics and gain behavior directly in the device, as well as for understanding device physics and application [3] . Recently, we suggested that the gain and index grating created in broad-area semiconductor amplifier by four-wave mixing may be used to produce novel diode laser systems with better beam quality [4] .
Here, we present both the theoretical and experimental results of two-wave mixing (TWM) in broad-area diode amplifier. The analytical solutions to the coupled-wave equations were obtained in the condition of small signal and the total intensity is far below the saturation intensity. The TWM experiment was carried out in an 810 nm, 200 μm wide GaAlAs amplifier. The dependence of the TWM gain on the output power of the pump and the grating vector was measured. It is shown that due to two beam coupling in the semiconductor gain grating, the 2WM gain decreases linearly with the output pump power. The experimental results show good agreement with the theory.
Theory of two-wave mixing in broad-area semiconductor amplifier
The pump beam of amplitude A 1 and signal beam of the amplitude A 2 are coupled into the broad-area amplifier. Both beams are at the same frequency ω and linearly polarized. The total electric field is given by:
(1) where K 1 and K 2 are the wave vectors of the pump and signal beam in the amplifier. Based on the wave equation and the rate equation of the carrier density [5] , the coupled-wave equations of two-wave mixing are obtained:
where α=Γa(Iτ/qV-N 0 )/2 is the small-signal gain coefficient of the amplifier, β is the anti-guiding parameter, P s is the saturation intensity, D is the ambipolar diffusion constant, τ is the spontaneous recombination lifetime, K is the grating vector, Γ is the confinement factor, I is the injected current, q is the electron charge, V is the active volume, a is the gain cross-section, and N 0 is the carrier density at transparency.
In the small signal approximation, and assume the total intensity of the beams is much less than the saturation intensity, i.e. 
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where A 10 and A 20 are the amplitudes of pump and signal beam at the front facet of the amplifier. γ is a parameter defined as: 
where z 0 is the length of the semiconductor amplifier. Eq. (6) also shows that the g TWM decreases linearly with the output intensity (power) of the pump, and it decreases quickly when the angle between the two beams increases because the diffusion of carriers washes out the grating as the angle between the two beams increases.
Experiment
The two-wave mixing experiment was done in an 810 nm, 2 mm long and 200 μm wide GaAlAs amplifier. It was grown by the Metallorganic Chemical Vapor Phase Deposition (MOCVD) technique on a GaAs substrate by Alcatel Thales III-V Lab. In the experiment, the coherent pump and the non-coherent pump is achieved by changing the polarization of the pump beam. First, the dependence of the g TWM on the output power of the pump is measured. The experimental results are shown in Fig. 1 . It is clearly seen that the g TWM decreases linearly with the output pump power. Fitting the experimental data with Eq. (6), the two parameters: the input power of the pump A is round 9.1 mW, corresponding to a coupling efficiency of 43%; and using the results of Dτ obtained later, the saturation power P s is found to be around 220 mW, which is much larger than the output pump power in this experiment. The dependence of the g TWM on the grating vector is also measured, the experimental results are shown in Fig. 2 . Fitting the experimental data with Eq. (6), Dτ is obtained to be 4.1 μm 
Conclusion
In conclusion, the TWM in broad-area semiconductor amplifier is investigated both experimentally and theoretically. The coupled-wave equations are derived and the analytical solutions are obtained when the intensity of the pump is much less than the saturation intensity of the amplifier, but much larger than that of the signal. The experimental results show good agreement with the theory.
